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PROMOTES KILLING OF TUMOR CELLS 
. m Larson C. Johansson. L. Lindholm' and J. Holmgren 


Monodonai antibody (MAbs) produced ^ aju«nan 
colon adenocarcinoma ( ^L^g^^ W %SSw V 

A ~^ClTl C241 (IgG,): CIS2 (IgG^j and CS0 
ftffwere equated their ability co promote tolling of 
^^oHrib by thioglycoltote-eiidted peritoneal mouse 
Colo-Z0> tens pj v ' 5' ' . r antibodies tested m 

tC ?rVu^r suasion was observed in mice njected w.ch 
Mate : ^0PoS our ADMMC findings In v.tro. An.mafc 
HAbs, suppo_™.. 5 w tumors, and longer 


merited with L-gtutamine, 2 mM (Gibco); 0-mcrcaptoethanol, 
50 Srna, St- Louis. MO); L-asparaginc 36.0 mg/V, L- 
SE£SE , 116 mg/l; folic acid pyruvate 
ha i mo /i ✓all from Gibccri; fetal bovine scrum, iV7o {ytyj 

HEPES and sodium bicarbonate, 3.024 g/1 (SiBna)- Cells 
were cultured in tissue culture flasks (Nunc Roskildc, Den- 
mark! a! ri'C and incubated in a humidified atmosphere 
S3A 5% CP, in air. Cells were removed^ tan tog. 
urine 0.1% trypsin (w/v) (Difco. Detroit, MI) »n EDTA 
«SL) 0 02* This procedure yielded cells which were > 
95 1 viable as determined by Trypan blue exclusion. 


Animals ^__ T1 . 
ThymusKier.cient nude mice {nu/«* BALB/c .or C57B1/6 
Miyiiiua-wv f e were n urc hased from Bom* 

rc f? ^S^be^r^ -0 SKr}; d'S. NudeW ^ housed under patho- 

* rtods of taten ^ i« ^-treated with SSc'cSSjSons in a laminar flow hood m seized cages 

wiSi autoclaved food and water provided ad hbiium. AU ani- 
mate usrf foVeach experiment were of the same sex and age. 
NomiS BALBfcmiceV2-6 months of age. were also obtained 
from Bomholigard. 


^dwTMAb, h"d fewer and smaileV tumor*, and longer 
"riodt rfttTntTbetween the inoculation 
Seyatopment of tumor*, compared to m.ce^am-treated with 
aevtn"k- f established tumors. * ncl 

PBS. However, in a „ mw rh Scrum collected from 

^f^iie ^m from sham-treated m.ee -d not. 

TL leG, feotyS have been associaicd with strong ant.- 
WiSSfeiSKlta.. Macrophages are involved In: many 
^Lorv and defensive functions against cancer (Alexander, 
^O^STol.. 1983). Antibody^ependent supprcs- 
:km of tumor growth mi ri« has. in a number of systems. 
S tS » macrophages as being effector cells respon- 
«?Mefor tumoral! killini;. Herlyn and Koprowsk, (1982) 
SdtaS S^rophat was the ^^^^ 
suppression of tumor development in nude mice injected with 

MAbs. . - 

Wc screened 9 murine MAbs representing 3 subclasses oi 

ar^S in ADMMC ways. The ^'^.^ 
fori I aeainst a human colon adenocarcinoma cell line. Colo- 
XSSSlC assays are useful for study.nl sand modelling 
Utt conditions by wnich tumo^Mff« can occur ^ show 
h.rc that 3 IgGfc, isotype MAbs. c }S^SS % nt DTodUced 
the presence of mouSe per.iot.eal niacrophage PM. ***** 
sirone cytolyic effects against Colo-205 tumor cells m 
ADMMCassays in vitro. »nd suppressed tumor devdopment 
m nude mice. Some of the conditions which affect tumor 
suppression were examined in vivo and in vtrro. 

MATERIAL AND METHODS 

Colo-205 cell culture 

Colo-205, a human colon adei^rdnom ceU lme^ was 
obtained from the American Type Culture CoUecfcon (ATCC)^ 
Rockville, MD, and maintained as a monolayer m ^sondard 
medium. Standard medimn was prepared m Iscoye 8 mod^ed 
r^ibecM's^ediurn (Gibco Europe, Paisley. ScoUand) supple- 


Praduction and purification qf MAbs 

Hybridomas secreting MAbs were producedby fjusion i of 
Sd^O mvclorna cells and spleen cells obtained from Colo-205 

clonins were performed essentially as ^fW^ F^ 
de S^aoth and Scheideggcr (1980). Briefly, MAbs were 
Jh^cteri^d for specificity first by selecting for^eaco^ry 
against the immuruzing ceU line, and for non-i^^ w * 
C peripheral blood lyrnphocytes- The meth^ofMancuu 
*aL ( 1965) was used to determine isotype and concentration 
ofitibodyfC isolated clones using sing e ^lalmjrauno- 
dXionii agarose (1.5% "^."""^""W^gg" 
ic anti-mousi immunoglobulins (UndhoLm el ^- l9 ^\- 
C163. C215. and C245 MAbs are of the I ^^?^ C ^ 1 i ! 
C242 C151. and C239 are IgG, isotype an "Jodifi^C152 is 
anleGa, isotype antibody; and C50 is an IgM ^<*ody- C t ^ 
^Bing specificity for sialosyl la«^tetraose 
K» antigeVon the'cA-SO glycoprotein expressed by Colo- 
^Scelk C241 also recognizes the same epitopes as does 
C50 Chemical characterization of the epnope defined by C239 
h« iw^mat in*Ugnizes sialylated Lewis 1 anUgen. C151 
JLVSs £h re^STthe LewU" blood-group anngen 
C215^nd CA63 antibodies recognize protein epitopes and 
§42 aTdCl52 MAbs identify different carbohydrate epitopes 
^rftla-205 cells LM4, an IgG 2 » isotype MAb described by 
StaS al. a985)fdoes Jtb& to Colo-205 cells and was 


'To whom reprint requests should be addressed. 

Sarahs j£5S« P ss2Sssss 

line; MAbs, inonocional ontibodies. 
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included as a control in ADMMC assays. The antibodies used 
in this study were purified from ascites fluid after injecting 
hybridomas into normal BALB/c mice treated with postage 
h 6 10 l4^etramcthylpentadecane 1 Aldrich, Milwaukee, wl). 
Ascites' fluid was collected and precipitated with saturated 
ammonium sulfate to 40%. The precipitate was resolubUized 
in PBS (0.01 m sodium phosphate, 0,14 m NaCl t pH-7.2), 
dialyzcd and purified by Protein A-Sepharose (Pharmacia, 
Uppsala, Sweden) affinity chromatography (Undrnarlc et aL. 
1983) M Abs were eluted off the column with an acid-glycine 
buffer (0.2 m glycine, 0.25 M NaCl; P H=3.5). neutralized 
with NaOH and diafyzed against PBS. Antibody punty was 
determined by agarose gel electrophoresis. Anttbodies were 
stored at -20"C, and fiter-sterilizcd before use. 

FCab'h fragments of C215 MAb were prepared by pepsin 
digestion following standard procedures (Lamoyi and Nison- 
off, 1983), and purified by protein A-Sepharose column 
chromatography. 


Induction of Colo-205 tumors in nude mice 

Colo-205 tumor cells were prepared for injection into mice 
by trypsinization as described above. Cells were counted with 
a hemacytometer and the cell concentration was adjusted to 2 
X 10 7 cells per ml in PBS. Tumor growth was induced in nude 
mice by sxrinjection of 2 x 10& cells in 0.1 ml PBS at 2 
locations on the dorsal hindquarters. Mice were divided into 
groups of 5 to 13: generally there were 8-10 mice m each 
group. 

Administration of MAbs to nude mice 

Mice received daily injections of 200 jig MAb by i.p. injec- 
tion immediately following the inoculation of tumor cells. As 
a control of sham-treated tumor growth, each experiment in- 
cluded a group of mice which were injected with PBS alone, 
lb determine the effect of MAbs on tumor suppression in .mice 
with established tumors, the first injection of MAb was de- 
layed in some experiments up to 10 days following the inocu- 
lation of tumor cells. In these experiments the dosage of 
antibody was 400 fig per mouse per day, for 15 consecutive 
days. 

Determination of rumor incidence, diameter, and weight 

Hie incidence of tumors was recorded twice weekly and 
tumor diameter was measured using calipers along 2 perpen- 
dicular axes. The absence of tumor at a site of inoculation was 
similarly recorded Mean tumor diameter and tumor incidence 
were determined over the entire experimental period. Mice 
were killed after a 30- to 40-day observation period after the 
last MAb injection, and tumors were excised and weighed. 
Tumor burdens were recorded as the total weight of tumor for 
each mouse* and the mean for each group of mice was 
determined. 

Preparation of peritoneal macrophages 

Peritoneal macrophages for ADMMC assays were elicited 
by i.p. injection of 1 ml Brewer's Thioglycollate medium, TG 
(Difco, Detroit, MI) into normal and nude mice, and colleo^ 
by peritoneal lavage with 5 ml sterile sucrose (11*6% in PBS) 
solution days later. Cells were washed twice m PBS and 
counted with a hemacytometer. Approximately 70-80% of 
the cells recovered were macrophages.! The concentration of 
macrophages was adjusted to 1 x 10* per ml in standard 
medium, and 100 /d of the cell suspension were aliquoted into 
96-well flat-bottomed plates (Falcon, Oxnard, CA). The plates 
were incubated for 1-2 hr at 37°C. and nonadherent cells 
were removed by washing each well with PBS. This procedure 
yielded a confluent monolayer of adherent cells, which were 
found to be 90-95% macrophages by non-specific esterase 
staining. 


Labelling and preparation of Coto-205 cells for 
ADMMC assays 

Colo-205 cells used for ADMMC assays were labelled with 
(6- 3 H)thymidine (Amersham, Birkertfd, Denrnark), 2 ^Ci/mU 
in standard medium. Label was added to flasks containing 
subconfluent monolayers of cells. After 24 hr, unincorporated 
label was removed by decanting the medium from the flask 
and washing the cells once in PBS. Colo-205 cells were tryp- 
sinized and counted. The cell concentration was adjusted to 4 
x 10 s cells per ml in PBS. 

Tumor cells used for ADMMC assays were obtained after 
passage in vitro (as described above), or by dissociation of 
rumor tissue removed from mice treated with MAb. In the 
latter case, a single-cell suspension was prepared from freshly 
dissociated tumor tissue by pressing minced tissue through 
Nitex cloth and allowing the cell clumps to settle to the bottom 
of a conical test tube after about 5 min. The supernatant, 
containing mostly single cells, was collected and washed twice 
in PBS. The number of cells was adjusted to 1 x Ur per ml 
in standard medium. Cells were labelled as described above. 
Antibody-dependent macrophage-mediated cytotoxicity assays 
(6- 3 H)thymidine-Iabclled Colo-205 tumor cells, 4 x 10 4 per 
100 tx\. were added in standard medium to each well of 96- 
well plates- The target-to-effector cell ratio in wells containing 
macrophages was 1:2.5. Dilutions of MAbs were prepared in 
standard medium at 10 X concentration and diluted 1:10 in the 
assay wells. The final volume of medium per well was 250 pi, 
adjusted with standard medium. In all experiments, controls 
included (1) wells without antibody; (2) wells without macro- 
phages; (3) wells with only tumor cells to measure sponta- 
neous lysis of tumor cells. Maximum release of label by tumor 
cells was determined by solubilization of cells in sodium do 
decyl sulfate, SDS, 2% (Bio-Rad, Richmond, CA). 

For some ADMMC assays nude mouse serum, collected 
from both antibody-treated and sham-treated mice, was substi- 
tuted for purified antibody. Approximately 8-12 hr following 
the last injection of MAb or PBS, serum was collected and 
heat-inactivated at 56°C for 30 rnin. Serial dilutions of mouse 
serum were made in standard medium containing 1% (v/v) 
normal mouse serum (Dakopatts, Copenhagen, Denmark) be- 
fore addition to the test wells. The reactivity of MAb in mouse 
serum, and sensitivity of tumor cells to lysis, were tested in 
the presence of PM from both normal and nude mice. 

After 48 hr, tumor-cell lysis was measured by collecting a 
50-/J aliquot of supernatant fluid from each test well, diluting 
in scintillation cocktail (Insta-gel, Packard. Bandhagen, Swe- 
den), and counting each sample in a ^-counter. Tumor cell 
lysis was calculated as follows; 


percent cytotoxicity - [(experimental release of label) 
-(spontaneous release of label)]/[(maximum release of label) 
—(spontaneous release of label)] X 100. 

Statistical analysis 

Student's r-test was used to deterrnine the statistical signifi- 
cance of differences in mean tumor weights and tumor diame- 
ters of mice treated with MAbs and control animals injected 
with PBS. Fisher's exact test was used to deterrnine the signif- 
icance of the differences in tumor incidence between treated 
and control animals. Probabilities of 5% (p<0.05) or less 
were considered significant. 

RESULTS 

Effects of antibody isotype on ADMMC reactions in vitro 

Monoclonal antibodies of different isotypes were tested in 
ADMMC assays in vkro for their ability to trigger tumor cell 
lysis by macrophages. The results of tumor cell iy«s in the 
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kw-iidc 3 - Effects of delaying administration of C215 MAb for 5 
group 3 were injected wuh PBS. 

Bn ribodv-treated groups were killed and the wnwrs removed 

t^re compared to those of mice injected with PBS 
£ dlffS were observed.. JThe meat yg^fj of 
tumors removed from animals injected with ^^ W ^"-;J| 
)zw JL„«~.a . n l m + 0 2 e from mice injected wiih PBi 
J-iffSTSSiSi : Ki) Irf addition, mice treated with 

ranged between on tag *>, Overall, mice 

Ser rSi tumor weights, lower tumor incidence, and a 
Sefsu^al time compared to PBS, control animals. 


Effect afC215 MAb on established tumors 

To determine whether C215 would *^°^Z 
tablished. palpable tumors, the first mjecaon of MAb was 
Safefup^ 

S ^^J^lVyTy ?EiS *» onset cMe* 
SeS wasTlanned to coincide with the period just before 
zTiL after tumors became visible. The dosage of C21S 
MA^stStSS to 400 ug dafly . The result* > ofuang g 
MAh »<*unst established tumors are shown in Figure 3. Mice 
^SSSSS^M r injecuonon gi (gup 
n >i^h a sliehtlv lower incidence of tumor tnan mice liyccw** 
SRjfcSTo *yi after inoculation of tumor cells (group 


2\ but this difference was not significant. Furthermore, com- 
parison of mean tumor weights at the termination of the exper , 
EX d?S noTproduce significant differences between the 
treated and sham-treated groups (data not shown). 
Tumor-cell sensitivity to lysis in ADMMC assays ™h 
serum collected from treated mice 

Tumors which developed in mice treated with C215 MAb 
in^Sely after tumoral! inoculanon were «™dfor 
sSviry to lysis in ADMMC assays. As shown m Figure 4. 
S3 lys* was demonstrated in the presence of serum 
rSKdfrOT mice which had received daily injections of 200 
5?Ss MAb for 18 consecutive days. PM were harvested 
fromnude mice which had been treated w.th C215 antibody. 
SrTtr^k included serum collected fr°?J h ™-" ra K t f d 
\S£* 1 whh PBS and purified C2I5 anubody Freshly diso- 
cffcolo^OS tumor cells were lysed in a dose^e^nden. 
Ser in serum from mice injected w,th C2l5, or w.th pur,- 
r2\5 MAb, but not in serum collected from shanvtreaied 
mfce T^e dau'imply that tumor growth in treated mice was 
not the result of loss of antigen sensitivity to wuta*-^ 

5 Msby heat-inactivated serum or purified ant.body in the 
absence of PM was not observed. 

Ue effect ofC2l5 F(ab 'h fragments in ADMMC assays with 
intact C215 antibody ..,.„ 
Ftab'h fragments of C215 MAb were used « ADMMC 
asSys wblock romor-ceU lysis in the presence of i£* g« 
anrlbodv The results are shown in Figure 5 C2l5F(abh 
^X^aloneTd not promote 

assavs indicating that the Fc portion of the molecule was 

Sai hi AI)MMC reactions. C215 

ked Colo-205 cells from being lysed in the presence of intact 

6 aSy only when C215 F^'fe fragments were P r g 
incubated with tumor cells before the addjuon o mtad tC215 
Sd7 When intact C215 antibody and F(ab'h fragments 
w^deKo SeSst wells simultaneously, or at the same 
ronoSons (10 <xg/ml), the inhibitory effect was no longer 

Cnk&M I Sells were lysed under these conditions. 


DISCUSSION 

We compared 9 murine MAbs **J5**^ B"£ 
tvsis of Colo-205 tumor cells in ADMMC assays, ana ««- 



y ~Z 3 4 5 a 
SERUM DILUTION 


C215Mab(>ig/ml) 



k 03/19/2003 20:21 FAX 703 654 71 


00 HALE & DORR 

MOMOCIjON AJL AMTIBODY PROMOTION OF TUMOR SUPPRESS.ON 


@1045 


881 



i 


im 
uh 
». 
Dl. 


r - . - n c wer c ore-incubated with F(at>'h fra||- 
FiauRE 5 - Colo-205 .^^2™,^ # 4°C and added u> tn- 
of C215 anubody <^fflj« andbody in the following 

SST*e ^fSStion. Using the 
of the IgG^ h SO* of all tumor cells were lysed as 

concentration at «W5I)»M^ effectiveness of 

the ^^fffwMcS^ observed a signifi- 
differem MAbs m ADMMC as^s, ^^68. High 
„„,i v hteher effectiveness of lg^2a isoiypc i-mvnc 
cantiy n «E"** ~ ,, lvsis ^ the presence of IgGj. isorype 
levels °f ™ aY^ricntralions 10-1,000 times lower 
antibodies occurred at <^™^V MAhs Strong tumor- 

^/^^ere&cbSTed in nude mice injected 
suppressive eflece were ago ^denecs in ana- 

^ VrtaL £e nUnaKwuwiT! for dUfcreni sub- 
proposed. ™^ of n^ophages (Diamond and 
classes of IgG on Uie surrace "Vi- Perfiaos die unique stnic- 

Ve,t0n f ffiJ&t^-SS' S£S "mUphage re- 
rare of die IgGia ^ avS lrfiich ate functionally 

sponses for killing tunioroUs «waysvmi«' ^ 
□kind from those promoted by £ b ^^ wr (Fcrtj for 
types. Selecbve ^^^^rSTnacrophages 
IgG* isotype ^^"J^^ffiST, ai.. 1983)! John- 

son «t d- (1986) observed wax A structure- 

vT^X ^^^trtnTofV9 MAb differ in 
1 have shown that <^-swh«i Mr^-Trtions in vitro, and sup- 
tbeir ability to mediate ^^^1^1^ is^evarianB 
press tumor ^^fi^ff charing 
\ were superior, ht>weve^Tbis iwore bitldil ,g specific- 

I iry and affuuty for ^P^Sf^^.,, Furt ber studies on the 
1 ^^^^S^"^ 


ceming the amount of MAb ^^S^^in 

cell before lysis « ° b ffXn MM C £S2Tysis occurring only 
their abihry to promote ADMM^targa y s 

when some m.rumum or crt , , 9 85).Thefaa 

C215 MAb, we found that ^^XSaTSc w the lack of 
gated. Presumably, the negative _ lt w ?^ u ^ ents WC rc 

demons^ a ^ADMMC events using 

target cells (data not snownj. reduce, rumor- 

^\^^^^ ^CiSm^. However, this 
cell lysis in the V«*^<*££^^ ^get Colo-205 

cated that tinung was_ ^f 1 "^ 1 whcn administration 

*° «S SStS ■ taSSK of^rcells, Aiding 
was begup just aner ni - rt iifer*te before initiating ana- 

Unas induced atdijfcmtt sne^ k™=" "-j, jrtausdon 
aees within laige tumors are not due to systemic ™ 

depends upon ^^yj^^ c u^eseotedby examining 
JSfrfia»c lissus Bk«» 0«n «» ° , ™° IS • tosoc, * e ° 
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for ADMMC assays demonstrated strong and uniform sunning 
with bioiin-labelled C215 MAbs (data not shown). TWfore, 
we found no indication that development of minors m created 
mice was due to weak or absent expression of antigen on the 
tumor cell surface, or that serum antibody levels were insuffi- 
cient. However, we do not know whether or not nude nuce 
injected with allotypic antibodies mount an ana-antibody 
response. 

Immunological approaches using MAbs to assist in the treat- 
ment or management of cancer would appear to be most 
successful when detected early, or when used to enhance other 
therapeutic techniques intended to reduce the tumor burden. 
The data presented above indicate that passively administered 
MAbs would be ineffective in treating advanced cancer. MAbs 
may be better suited as adjuvant therapeutic agents: following 
surgical removal of the primary tumor, or in combination with 
immunomodulators which potentiate the host's immune re- 


sponse. Thorough understanding of the conditions which lead 
to tumor-cell lysis in vitro might enable researchers lo prcdia 
the potential outcome of an interaction between antibody, ef- 
fector cell, and tumor cell in vivo, and hence lead to the design 
of more effective treatment protocols. Furthermore, combim- 
lions of MAbs which exploit different effector mechanisms, 
cellular and complement-mediated, may prove to be more 
effective than administration of individual MAbs. 
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